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FOREWORD

This survey of the Computing Facilities in the United Kingdom
has been prepared as the direct result of a directive from
Sir Ben Lockspeiser, FRS., given when he was Chief Scientist in
the Ministry of Supply; to his drive and foresight is due much
of the present activity in computing affairs in the Ministry.

The object of this paper is to help depertments and cstablish-
ments who have computing problems which are beyond their own
resources: to give guidance on the class of machinc most suitable
for a particular problem: to indicatc where advice on or facilities
for computation can be found, and how access to them can bec obtained.

It is hoped that the survey is corrcct as far as it goes; it is
knowm that it is not complete. New facilities arc continually
coming to light, but it was thought best to publish an incomplcte
edition so that some information at least could be disseminated, and
it is intended to issuc aeddenda, cnd possibly a second edition, as
further deteils erc accumlated. DWR(D). would be grateful for any
corrcctions, additions, or suggestions for improvement.

We vholcheartedly thank all thosc individusls,. university depart-
ments, firms and governmont departments and establishments who have
so freely given us not only all the information we asked for, but -
their time in exposition,

G.H. HINDS.
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SURVEY OF COMFUTING FACILITIES IN

THE UNITED XINGDOM

SUMMARY

4

This roport gives a broad revicw of the difforont types of computing
machines available in thg United Kingdom. The computing machines
considercd are punched cii:xrd machines, high-spced eutomatic digitel computers,
differential analysers, general purpose analogue computers end simulators,
network analysers and some special purpose analoguc computers.  These
mnchjneé arc all cohside_red f‘rqm the point of view of the work they do
rather than the way they are constructed, and somec guidance is given on the
choice of the machine most suited to a particular problcm.. .

Descriptions of the three main types of computer {punched cerd machines,
high~speed autonlatic digital computer end \diff‘ercntial analyser) are given in
fppendix I. Appendix II conteins a 1ist.of computing facilities in the U.K.

together with o list of sources of advice on computational problems. ‘
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SURVEY OF COMPUTING FACILITIES IN THE U.X.

Introduction

Computing machines can be divided roughly into two types:

(a) Digital machines

These operate directly with numbers in their digital form usually
by counting disorete objects such as the teeth of a gear wheel or
electric pulses. Desk calculators (e.g. the Brunsviga or Friden)
are examples of this kind of machine. )

(b) Analogue machines

These translate numbers into physical quantities of which the
numbers are the measures, Opcrations are carried out with thesc
quantities and rcsults are obtained in the form of measurcements.
A slide rule is a very simple example of an analoguc machine.

This report deals with the main features of the use of diffcrent
kinds of computing machines. Brief decscriptions of some of thesc
machincs are given in Appendix I.  Appendix II contains a list of
computing facilitices in the U,K, and Appendix IIT describes the
organisation of computing within the Ministry of Supply.

It is assumed that the principles and uses of ordinary desk
calculating machines are understood and they are therefore not treated
in this report. However, Appendix II contains a list of groups using
desk caleculators together with accounting machines (such as the
National) since a much wider renge of problems can be solved with this
combination of machines.

There are many calculating machines which have been constructed in
order to solvc one specific problem - e.g. aircraft flutter - and are
thereforc of very limited application. These cre not included in this
recport.

Digitel Computers

The ordinary desk calculator will perform the basic operations of
addition, subtraction, multiplicetion end division but numbers must be
set and recorded by the operator and these processes account for a
large part of the time of calculation, and are liable to introduce
crrors. Computers with facilities for the storage and recording of
data can overcomc these disadvantages, Digital machincs very from
those that will perform only onc opcration at a time (e.g. axb) R
through thosc that will perform a series of such operations (e_g_f;‘“" 2rby)
to those that will carry out a complete calculation re1 “T°T7
without intervention by the operator.

Punched card equipment

Punched card machinecs were first developed for census work and arc
now best known for their application in accounting. In both these
applications simple arithmetical operations arc c¢arried out on a large
volume of numerical data. In recent years these machines have been
uscd for quite complex calculations since these can be split up into
scquences of simplec operations. Numbers are recorded as holcs punched
in special cards according to a simple positicnal code. The cards are
then fed into the machine which perform various operations at a fairly
high specd on the numbers represented on the cards. Thesc operations

_include addition, subtraction, multiplication, sorting and comparing.

There is a limited emount of storage on counters and the cards them-
sclves are also a very convenient form of storage. Whereas the
counters are only a temporary store for numbers during the course of a
calculation the cards form a permancnt store which can be referrod to
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at any future time. One essential feaburec of these machines i1s that

only a few simple operations can be performed while the cards are

passing through a machine. The machines must be set up for any

particular; sequence of oporations by making suitablc connections,

usually by means of plugboards. Sincc the plugging of these boards

may teke a fair lungth of time, punched card machines are most useful

whon dealing with large quantitiocs of data. ' -

There arc comparatively fow organisations using punched card
oquipment for mathematicel work and it is doubtful whether their S
capabilities have yet been fully cxplored. It has alrcady been !
shown that there is a groat variety of problems which can be reduced
to ¢ form suiteble for solution by such machines.  These problems
include a wide range of statistical calculetions, the compilation of
mathematical tables, Fouricr Analysis and the solution of sets of
simultancous lincar cquations. Theo scope could be extended still
furthor in statisticel analysis erd in the rcduction ond o.nn]ysls of
trials data.

Onc great advantage of punched coard machines at the moment is
that they arc stondard machines produccd for commcrcial use and cre i
therefore readily availeble. Thore cre also many problcems, parti- i
culerly those involving & great deal of sorting of data to which they
are ideally, suited.

New idens arc being incorporated in these machines end several ‘
new oncs arc being developed. These include clectronic multiplicrs ‘
and new clectro-mechanical multipliers with more storage than former ~
ones which cen perform quite long sequencus of operations on the
numbers cn cach card. Punched card machines nre also being used in
conjunction with high-speed automatic computers as o method of feeding
in data and receiving informetion from the computer.

High Speccd Automatic Digital Computcrs

This type of computer is a very recent development and the |
first in this country wns completed ot Cambridge in 1949.  Wherces ‘
punched card mochines were developed for nccounting purposes, the . :
high-speed automatic computers were designed for complex mathemetical
calculations and it is only quite rcecently that their application to
accounting has been "considered. There have becen many developments
both in the design and use of those computers since 1949 ond in
Englond thore are now about twelve completed machines and others
under construction.

The techniques of elcctronic cngincering have made it pessible ¥
to build computers that will perform arithmetical operations in times ‘
of the order of thousandths of o second instuad of scconds as by
mechanical means. It is essential with such high calculating speceds
thet the machine should not be interrupted too freguently by the
operator for the insertion of dnta, scrutiny of intermediate results
ctec., These machines thercfore have n large storc which generally
holds "instructions" as well as numcrical information, so that once
thesc have been fod into the machine it can procced to do the whole
calculation. The instructions are given to the machine in a coded
numerical form, stored and then obeyed in sequence. Where the auto-
matic computer differs from other calculating machines is that the
scquence in which the instructions arc obcycd can be controlled. An

., automatic computer can oboy a certain number of basic instructions

which correspond to thc keys on a desk machine for adding, multiplying ;
etc. Amongst these instructions are one or moro "conditional i

. instructions" which cnable the machine to adopt one of several alter-

notive courscs according to some specificd condition. For instance
in en iterative process the machine will perf»rm successive
iterations until the difference is less thon somo specified quantity ;

and will then go on to the next.part of the calculations  With other C—

/ calculating
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calculating machines the rosults of ench iteration would have to be
inspected by the operator who would then make the decision whether or
not to proceed to the next stage.

The use of the term "electronic brain" is very misleading in that
it gives the impression that’ these computers have intelligence like a
human being. This is not so, and it must be emphasised that a
calculating machine is no substitute for the human brain. The
"intelligence" of an automatic computer is a combination of the skill
of the designer and the ingenuity of the programmer.  The machine
itsclf is only capable of obeying instructions and thc only decisions
it can make arc those that result from obcying a scries of instructions.

In order to propare a calculation for an automatic computer the
problem must first be translated into the language the mechine can
assimilate by breeking it up into a serics of basic operations such as
"multiply x by y", "add a to b" etec. ond translating these into a
coded form, Instructions must be given to the machine not only for
the actual calculation but for mony processecs which are almost
instinctive to operators of desk machincs: e.g. counting the number
of times a process has been performed and rccognizing a change of sign
as the signal to go on to the next stage of the caleculetion.  Whereas
with ordinary desk calculators the preparation of a problem takes much
less time than the calculating time, with high speed automatic
computers the preparation, or “programming" is generally the longest
part of the work, although the usc of standerd programmes for routine
operation such as deriving squere roots, forming sincs and cosines ete.,
can reduce programming time considerably., Now that many problems have
been coded it is frequently found thet a complete programme can be
used again, but if a problem has to be programmed from scratch this
will toke the greatest port of the time of solution.

These computers reduce the time and cost of mony long computations
and now make it possible to solve many problems which had previously
been considered impossibly lengthy, but they are still not suiteble for
cvery type of problem. The feeding in of data is slow in comparison
with the caleulating time (although new methods of high-speed input and
output are being developed) so that at present most statistical problems
arc more suited to punched card machines. It is also uneconomical to
use high-specd automatic computers for small problems unless a ready-
made programme exists.

Examples of viork that have been done on such computers include
the solution of ordinary and partial differential equations, the
inversion of matrices, Fourier synthesis and Monte Carlo calculations.

The Ministry of Supply already has one high-speed automatic
computer at R.R.E., Malvern. There will also be o Ferranti computer
at Fort Helstead similar to the one at Manchester University. The
Royal Aircraft Establishment are having an enginecercd version of the
ACE pilot model and also a machine of their own design (RASCAL) which
will be a medium=-speed computer intended for use on the analysis of
experimentel results. A good denl of work for the Ministry of Supply
has already been done on existing computers. Most computing groups
will not undertoke programming for problems for other groups so that
it has been nccessary to train several Ministry of Supply staff to
programme onc or more of the exdsting computers. More staff arc
being trained as the nced ariscs and it is cssential that any
Establishment which has problems for these computers should have at
least one person familiar with prograrming techniques.

Analogue Computers

Analoguc computers have two disadvantages in comparison with
digital computors. Pirst, they can only deal with particular types
of problom. Second, their accuracy is limited by the accuracy of

/their
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their physmal components, which moens that the crror is seldom leoss
than 15  Howuver, in spite of the apparent suporiority of digital o
computers therc arc many probloms far better suited to analoguc
machines. These include the determination of trends of solutions

of problems for rangos of values of input data and the investigation
of problems by the cxperinental methed of trial and error. Analogue
mochines are in fact penerally usced for preblems wherc o survey of
the cffeet of varying parameturs is o be moade since this can
generally be denc very repidly. The limited accuracy is not usually
o disadvantage as in most casus the initial data sare no more accurate
and only epproximate solutions are wented.

There are vest nuabers of analoguce machines ranging from very
simple devices such as the clectrolytic tank to very complex machines
such as differential analysers. The majority of analopue machines
have boen designed for the solution of particular physicel problems.=-
c.g. the flight of a guided missile. The only analoguc computers |
which will bc considercd in this report are those that can be used for
generalized mathematical problecms - c.g. the selution of simultancous
or differential cquations - ond thus have uses in meny different
fields.

AT 1 3 e e et

Differential Analysers

The most importent type of annlosuc conputer is the differential
analyser. This machine was originelly designed to integrate ->rdinary
differentiol cquations, but by skilled opveratiun solutions of o great ~
variety of equations (including algcbrsic cquations and some partial
differcntinl equations) con be evalun.uua 4 differential analyser is
no substitute for the formal mathematical treatment of differential -
equations and can only evaluate particular numerical sclutions where
all the coefficients have numerical values -nd initial conditions are
knovm.

oA T RS - o SRt =

The basic unit of the differcntisl analyscr is seme form of
mechanism which performs the operation of integration continuously.
Whercas the methods of solution of differential egrations in digital
computers involve replacing the derivatives by finite differences the : ™
differential analyser operatcs directly with these derivabives. A :
differential analyser therefore consists of a number of integrators, t -
adding mechanisms, etc,, which can be connected togother in e veriety
of ways so as to evaluate solutions of diffwrunt difforontial
cquations. These connections between the various units were origin-
ally mechanical. Later differential anelyscrs have been built with
electrical (servo) connoctions and the most recent development is the :
elcetronic differential analyser. k

4 differential analyser tekes some time to prepare for a parti-
cular problem so that if only one solution of en eguation, rather than
a series of similar ones, is to be evaluated numerical methods may be
quicker, Thercfore the most suitable problems for e differentisl :
analyser are those vhere a sct of solutions is required either for '
varying initial conditions or [or different values of a parmnctcr.

The cl<:ctron1c aifferential analyscer is faster in operatlon and
casicr to set up than the mechanical differential annlyser. However, -
it is less accurate and. cannot solve such o wide range of equations
because integration coan only be performed with respect to time.

Differential equations appear freguently in many branchos of
scicnce so that the differential analyser is o very valucble aid to
research. The range of equations thal a differentinl anelyser can
solve depends primarily on the number of intogrators it has., Even a
small machine is a very powerful computing oadid and cen solve a great
variety of differcnt cquoations.

/1
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7. General purposo analogue computors ond simulators

The simulator is an enaloguc machine which is used to sct up 2
dircct analoguc of a physicel system end is gencrally connected to
this system end operates in the same time-secale. It is difficult to

give a more precisc dofinition than this since there is great
disagreement about what does.and does not constitute a simulator.

In

fact the word "simulator" refers morc to the way the machine is used

than

to the woy it is constructed.

The groat mejority of simulators are used for specific problems =

for example simulating the motion of guided woapons or aircraft - and
these machines will net be considered in this report.

The general purpose simulator consists of a number of units which

can be connccted together in a varicty of woys.  These units may be
for performing basic mathemetical operations such as addition,
integration etc. or they may be direct analogues of components in a
physical system such as phase advance, time delay etc.

The texm simulator therefore covers a great variety of analogue

machines ranging from electronic diffcrential analysers to machines of
very restricted usec which simulate onc particuler systcm, The use of
the general purpose simulator is very similar to that of the diffoer-
ential analyser and a correspondingly wide range of problems can be

solved.

8. Network Anélyscrs

Electrical network analysers werc originally built for studying

nctwork problems in conncction with the trensmission of electrical
power and voltage-current characteristics in systems where power loads
and power sources mey vary rapidly with time, However, in recent
years more generdal use has been found for thesc machines.

There arc two main types of network analyser: .- -

(a) The D.C. or resistancc analyscr

This

is a systcem of coupled resistance circuits which can be flexibly

arranged to simulatc the stcady-state conditions existing in an
clectrical or mechanical problem. In addition to meny applications
such as distribution problems (which are mainly concerned with the
voltage regulation and position of minimum voltage) and the study of
symmetrical and assymmetricel networks, there are many other uscs for

D.C.

anelyscers. Examples are stcady-state solutions for compressiblec

fluid flow and heat flow, the solution of Laplace!s cquation end
mechanicel cngineecring problems such as thesc met with in beam theory.

(b) The

A.C. Analyser

There are two types of A.C. anelyscr:

(1)

(11)

The conventional impedance analyscr .-

This provides a truc miniaturc representation of the actual
network using variable resistonces, inductances, capacitences,
ond phase-shifting trensformers with an inter-connecting jumper

systom.

The unconventional A.C. snalyser

This does not use physical circuit parometers as such, but rather
solves the mathematical problem created by the original network.
The Blackburn analyser is an example of this type of machine,
This uses multi=-winding transformers for the circuit units.

/The
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The A.C. analyscer is more flexible than the D.C. analyser since

it can represent phase relationships between ourrents and voltnges
in various parts of the network and is therefor. capable of
hondling complex quantitiss directly,

A wide range of problems can be solved with these machines.
Examplos are, solutions of the Schrbdinger equation for a simple
harmonic oscillator wnd for the rigid rofator in one dimension
and studies of thc propngation of electro-magnetic waves,

Some special networks have also been constructed for the solution
of sets of simultaneous linear algebraic equations and for the solution
of laplace's and Poisson's equation, These will be described in
section 9,

Other analogue computers

The Isograph

This is an instrument for solving polynomial equations up to a curtain
degree (the machine at R.A.E. will deal with those up to the 6th
degree). Its operation is based on drawing the Argand diagram of the
polynomial corresponding to a fixed value of the modulus of the
independent variable for all values of the argument, If the modulus
is chosen equal to one of the roots of the equation the Argand diagram
will pass through the origin. Otherwise it will encircle the origin a
number of times equal to the number of roots less than the chosen
value. By varying the modulus it is thus possible to locate all the
roots,

The Rlectrolytic Tank

This is an extremely simple type of annlogue computer, It consista of
& shallow tank of electrolyte together with slectrodes and exploring
probes, The electric potential within the tank obeys Laplacs's
equation., Since the venl and imaginary parts of all analybtic functions
of a complex variable also satisfy Laplace's squation it follows that
such functions can be represented by the potential within the tank,
Thers arc therefor: many uscs for this device.

Simultaneous Equation Selvers

Several machines have been designed to solve sets of simultaneous linear

equations and these have already been mentioned briefly under network
analysers, The machine designed by Mallock at Cambridge is an a.c.

network using multi-winding transformers, the one at R.AE, is.a d.c.
resistance network,

Machines for the solution of Laplace's and Poisson's Equations

fnother specicl form of network analyser is a resistance network for
obtaining solutions of these equetions. 4 network for the solution

of the three dimensional, form of Laplace's equation has been construc-
ted, and others have been made for the two dimensional form, These
machmes in effect solve the finite differcnce forms of the equatlons
by relaxation techniques,

Planning a computation

It is not always easy to decide what method of computation should be
used for any particular problem. Some problems csn only be solved in
one way whercas with others several alternative methods mny be possible.
The final decision will involve considerations of cost, accuracy,

speed, availability of machines and so on as well as the mathematics

of the problem, There are several centres where advice on computing
can be obtained and these are listed in Appendix II.

/(b)) L
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It is dmportant to understand the way diffexunt types of computing
machines work beforv planning computations in detoil, The essence of
nechanized computing is ropetition, so that an instruction can be given
once and obuyed o large number of times, It is nearly always easicr
vhen using computing machines to rupeat a sequence of operations many
times rather than to change the sequence and this means that mony of
the short-cuts taken in hand computing are not suited to machines.
High-speed automatic couputing has already shown that many compubing
procusses previously thought to be of no practical value can in fact
be extremely uscful, The problem must thercfore be considered as a
whole and the computatisn planned with the machine in mind so that the
best way for that machine can be found.

It must be remembered that it is not only the actual calculating time
that must be considered when comparing timss of solution by different
machines, There is the pruparation of date (i.e. punching cards or
toape, drawing graphs ste.), the preperation of the mechine (programming,
preparing plugboards, sctting up a differential analyser etc. ) and
lastly obtaining the results (printing from punched cerds, teking
readings from counters, measuring voltages ete.) 2nd the time for these
processes must be added to the actual calculating time,

The decision as to whether to use snalogue or digital machines for a
particular problem depends not only on the type of problem but the
number of solutions required. Analogue machines nre in general most
suited to problems ruquiring 2 large number of solutions corresponding
to variations in parameters., However, the accuracy of anslopue machines
is not very great so that if accurate solutions ere required a digital
computer would be necussary, Sometimes 2 range of solutions is
investipated on an analogue machine and a digitel computer is then used
to obtain accurate solutions at o few roints.

Punched card machines and high-spevd automatic computers ars in general
suited to different kinds of problems, koughly speaking, runched card
methods are best for problems involving simple operations on a large
quantity of Jdata and high-speed computers are most suited to those
involving nore complex operations on & small arount of data,

Experimental work frequently provides o great bulk of data which presents
meny problems - from the method of recording the data to the last stages
of calculaticn and presentation of results, Ideally the problem should
be considered os a whole, but in faoct it is often considered in

separate steps and little thought is given in the esarly stages to the
methods that will or might be used when analysing the data., Efforts

are being mads to co-ordinate and mechanise the recording and anelysis
of all sorts of experimental work, such as results of firing trials,
aircraft flight trials and wind tunncl experiments. The process of
converting results in the form of measurements into a dipital form at
present consumes a great deal of time end there is a need for devices
that will do this asutomatically, leaving the data in a form suitable
for direct input to an automatic dirital computer,

There are still many scientists and engineers wh> know very little of
the potential uses of large scale computing machines, Desk calculators
are still beingz used for problems which could be solved more efficiently
on larger machines, Although high-speed computing machines are very
expensive their cost is outweighed by the increase in the amount of
work they can do, Often a problem is not tackled in the best way and
many simplifications have to be made to enable o solution to be obtained
by conventional computingz techniques., The advent of high-speed ’
computing machines, by making it possible to solve problems which would
otherwise be impossible, should turn research into new channels, Once
the scientist knows that these mnchines exist and can be of great
assistance to him, he will cease to be ¢mfined within the limits
imposed by the speed and cost of hand computing,
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ATPENDIX I

DESCRIPTIONS OF MAIN TYPES OF MACHINES

Punched Card Equipment

There are three types of punched card mechines in the UK:~ Powers Samas,
Hollerith and I,B.M. Powers Samas machines are more suited to large-
scale routine calculations, such as census work and accounting, and are
seldom used for mathematical calculations, Hollerith and I.B.M.
machines are more flexible and are very similar. Brief descriptions

of the various Hollerith machines vill be given.

Sorter can be set to sort on any column of the cards and will separate

the cards into twelve pockets according to the numbers 0-9, x and y
punched in that column, There is also a reject pocket for cards with
no hole in that column,

Collator, Compares readings from onc card with those on another. It
has a varicty of uses such as: checking that a pack of cards is in
correct ascending or descending sequence, merging one pack vdith another
and selecting caxrds from e large pack vhich will match against those of
& smaller one.

Tebulator. Usually hes six 11-wheel counters together with selectors,
control mechanisms and facilities for transferring numbers from one
counter to another. It is essentially an adding and printing machine.
The control and selcotor features make it possible to form sub-totals
at suitable times, add only the mumbers from the cards with particular
codings, separate positive and negative numbers, etc, Methods of
progrossive addition provide & ropid means of forming sums of products
and squeres. Results cen be printed, or punched on cards by means of
& summary punch,

Reproducing Summaxy Punch, Informetion can be copied from one card
to another in & number of wnys, and the machine itself caen check that
the numbers have been punched correctly. It i